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Although transient increases in heart rate typically occur,
bradycardia has infrequently been noted in association with
partial seizures . Five patients with temporal "obe epilepsy
are described in whom sinus bradyarrhythmias and syn-
cope were prominent manifestations of seizure activity .
Partial improvement occurred in one of two patients in
whom a permanent pacemaker was implanted before a
diagnosis of epilepsy was established. Treatment with phe-
Partial seizures are often accompanied by signs of excessive
autonomic nervous system activity (1,2) . Considering this,
alterations in heart rate and rhythm would be expected to
occur during partial seizures . Indeed, Blumhardt et al . (3)
and Marshall et al . (4), using simultaneous electrocardio-
graphic (ECG) and electroencephalographic monitoring, re-
ported that 92% and 100%, respectively, of the temporal lobe
seizures recorded were associated with an increase in heart
rate. In contrast, bradyarrhythmias occur infrequently in
temporal lobe epilepsy (3) . In this report we describe our
experience with five patients referred for evaluation of
profound bradycardia and syncope wssociated with unusual
partial seizures . In each case, the syncope resolved only
after institution of anticonvulsant therapy .
Case Reports
Patient I
This 47 year old man, a state police officer, had multiple
(two to three per week) episodes of syncope preceded by an
indescribable sensation of epigastric "rising" followed by
feelings of warmth, "sweats" and nausea . His wife observed
that he had a profound pallor and inattentiveness of < I min
duration during these spells . There were no automatisms or
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nytoin or carbamazepine resulted in nearly complete reso-
lution of symptoms in all five patients .
Because pacemaker implantation does not prevent re-
current symptoms, but anticonvulsant therapy does, this
experience underscores the importance of considering the
diagnosis of partial epilepsy in selected patients with sinus
bradyarrhythmias and syncope
.
(J Am Colt Cardiol 1990,15:900-5)
tonic-clonic movements, and prompt recovery of alertness
followed the syncopal attacks .
Clinical findings. Results of general and neurologic ex-
aminations and a computed tomographic scan of the head
were normal . Sixteen channel electroencephalography
showed small sharp spikes from the left temporal lobe (Table
1) that were not considered sufficient evidence to initiate
antiepileptic treatment . Standard invasive electrophysio ,
logic studies of the heart (5) revealed no abnormalities . The
sinus node recovery time was 1,060 ms (corrected for heart
rate to 210 ms). Persistent 24 h ECG monitoring ultimately
revealed an episode of gradual sinus bradycardia (Table 2)
with symptoms of near syncope. This finding and recurrent
syncope led to placement of a permanent ventricular demand
pacemaker in the right ventricle (rate 70 beats(min) in August
1981 .
Clinical course . Monthly episodes of near syncope con-
tinued over the next 74 months, despite normal pacemaker
function. The patient was pale and unresponsive to speech
during these episodes, which were brief (<2 min) and
associated with prodromal visceral symptoms of nausea and
warmth. A single syncopal spell recurred after the usual
prodrome, resulting in head and shoulder trauma in Septem-
ber 1987. Results of neurologic appraisal and a computed
tomographic scan of the brain were again normal . Electro-
encephalography once again showed small sharp spikes from
the left temporal lobe . The monthly episodes of visceral
symptoms and the recurrent syncopal episode despite the
functioning pacemaker led to a decision to treat with phe-
nytoin. Subsequently, the patient has experienced no epi-
sodes of syncope or near syncope .
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Table 1
. Clinical Characteristics of Five Patients
Ant = anterior -, C = carbaMaZe pine - EEG = electroencephalography ; front = frontal lobe ; L = left ; M = male ; NP = nasopharyngeal ; P = phenytoin ;
R = right -, Rx = drug treatment ; temp = temporal lobe .
Patient 2
A 59 year old man with chronic hypertension presented
with recurrent episodes of abrupt loss of consciousness
followed by an immediate return to normal mental function
.
An ECG in the hospital during an asymptomatic period
revealed sinus bradycardia of 33 beatsh- nin . Although the
patient had a normal heart rate at other times and in response
to exercise, a permanent ventricular demand pacemaker was
implanted
.
The syncope persisted despite normal ftmction of the
pacemaker and normal findings on an electroencephalogram .
A second electroencephalogram 2 years later showed epilep-
tiform discharges (Fig. 1) . Results of computed tomographic
studies of the head were normal . Therapy with phenytoin
was followed by a rash
-, substitution of carbamazepine
resulted Ili
remission of the syncopal episodes .
Patient 3
A 43 year old man with mild hypertension experienced
multiple episodes of flushing, light-headedness, visual dis-
tortions and hallucinations over a 24 h period in September
1983
. lie was then asymptomatic until March 1984, when he
had I I episodes in 3 days
. His visual, sympt-ornss included
hallucination of "muppetlike creatures" and distorted per-
centions of environmental size and shape
. One spell was
accompanied by sinus arrest with a junctional escape rhythm
at 28 beats/min and a blood pressure of 68142 mm fig
. He
Table 2. Electrocardiographic Features in Five Patients
All values are expressed in seconds .
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was referred for consideration of permanent pacemaker
implantation .
Clinical findings. Another episode of the junctional
bradycardia, which was preceded by the patient's typical
visual symptoms, occurred during continuous cardiac mon-
itoring
. No abnormal motor activity was observed, but pallor
was prominent . Results of an initial electroencephalogram
were within normal limits, and an electroencephalogram
after sleep deprivation showed small sharp spikes in na-
sopharyngeal and (left greater than right) frontotemporal
leads
. Results of computed tomography were normal . Nu-
clear magnetic resonance imaging in January 1988 showed
no tumor or atrophic lesions -, however, multiple foci of
bright signals in the white matter suggested the possibility of
subacute atherosclerotic encephalopathy or a demyelinating
process, although clinical evaluation provided no support for
these diagnoses . With daily administration of phenytoin the
patient has he,d complete freedom from partial seizures and
symptomatic bradycardia for the last 4 years
.
Patient 4
A 37 year old man experienced syncope without pro-
drome on February 2, 1986 while seated at his computer
. On
arousal, he was transiently confused, diaphoretic, weak and
nauseated
. Results of neurologic and general examinations,
electroencephalogram
. 12 lead and 24 h ambulatory ECGs
and computed tomographic studies of the head were nor-
mal
. Two additional syncopal events preceded by light-
headedness occurred in March 1987
. Prodromal light-
headedness was followed by 30 to 45 s of unconsciousness
.
During the third episode, his wife found him to have a "slow
pulse
." She observed no abnormal motor activity
. Results of
invasive elec trophy siologic evaluation of the heart
(S)
were
normal
. Sinus node recovery time was 1,300 rtes (300 ms
corrected for heart rate)
.
Clinical course
. The possibility of vasovagal syncope was
considered and the patient was empirically treated with a
long-acting theophylline preparation (6)
. Episodic light-
headedness without syncope occurred over the ensuing 3
Patient
Age
(yrt/
Gender
EEC Abnormality
Spells I no . )i
Months without
Rx
Serum Drug
Concentration
i /Ag/Ml )
Spells (no .)/
Months with
RX
I
47/M Frequent small sharp spikes . L t emp . N P in sleep 74f74 P:10 .5
0/6
2
59/M Sharp delta . delta-theta transients
. L > R temp
6/24 C :6 .3 to 7 .9 2/86
3 43/M
Shifting small sharp spikes . 1 . > R front temp and NP 20/6 P:7
.4 0/48
4
37/M Several small sharp spikes . L ant temp in light sleep 6/4 P:15 .0 to 17 .9
1/22
5 39/M Frequent small but well-defined spikes . R > L temp
and NP in sleep
18/36
P
:14 .8 t o 22 .8 0112
Interval
Patient
ECG Rhythm
Luagest
RR
QT
QT
Corrected
I Sinus bradycardia
2
.64 0 .44 0 .23
2
Sinus bradycardia
1 .80 0 .52 0 .39
3 Junctional bradycardia
3 .58
0 .44 0 .23
4 Sinus bradycardia
2 .30
0 .40 0 .26
5
Ectopic atrial bradycardia 2 .68
0 .48 0 .27
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Figure 1 . Patient 2 . Electre-encephalogram showing a spike originat-
ing from the left anterior temporal region (F7) .
months. He was given an arrhythmia monitor that could
record a 30 s ECG when the unit was activated and held
to the chest . He recorded a spell after the onset of
Figure 2. Patient 4. Continuous electrocardiographic recording . At
the onset of the reported symptom (light-headedness), the rhythm
was sinus or atrial tachycardia (top ). This subsequently slowed
to a bradycardia associated with a change in P wave configuration
(pacemaker shift) and a longest recorded RR interval of 2 .3 s (middle
and bottom panels) . The QT interval and T waves were appropriate
for heart rate changes .
Continuous
typical light-headedness after a sleepless night in May
1986. This ECG revealed an initial rhytL.m of supraven-
tricular tachycardia with a rate of 125 beats/min, which
gradually slowed to sinus bradycardia with a rate of 26
beats/min (Fig . 2). An electroencephalogram, including na-
sopharyngeal leads, was recorded after sleep deprivation .
Left anterior temporal small spike discharges were observed
during drowsiness and light sleep (Table 1). Nuclear mag-
netic resonance imaging of the head revealed no abnormal-
ity. The theophylline was discontinued and treatment
with phenytoin was initiated . The patient has remained
asymptomatic except for one spell of light-headedness that
followed a brief period of self-initiated discontinuation of
phenytoin .
rli li lhlllfl 'l' flIi ~~li;A il1'ts For,, 1110go
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Patient S
A 39 year old man described the occurrence of near
syncope every I to 2 months for 3 years . Frank syncope
appeared 3 days before admission . Results of initial general
and neurologic examinations akd 12 lead ECO were normal .
During continuous cardiac monitoring the patient had a
typical spell, preceded by nausea and a sensation of heat
throughout his body . After the onset of these symptoms,
normal sinus rhythm gradually slowed to sinus bradycardia
followed by a slow atrial rhythm . After 5 to 10 s, the
symptoms and bradycardia spontaneously resolved and nor-
mal alertness returned. An electroencephalogram with sleep
deprivation and nasopharyngeal electrodes showed frequent
small but well defined spikes in the temporal areas (greater in
the right than in the left lobe), best seen during sleep and in
the nasopharyngeal leads (Fig . 3). Nuclear magnetic reso-
nance imaging of the head showed minimal dilation of the
right anterior temporal horn . The patient's symptoms per-
sisted with phenytoin until the serum concentration of this
drug was increased to more than 6 .0 µg/ml . He has subse-
quently remained asymptomatic
.
Discussion
Syncope prompted most of these patients to seek medical
attention . Less obvious symptoms and observations ulti-
mately led to clinical diagnoses of partial seizures . Feelings
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Figure 3 . Patient 5. Electroencephalogram showing frequent small
spikes from the right anterior temporal region, maximally seen in the
right nasopharyngeal lead (Pg2-F8) .
of warmth, increased perspiration, and epigastric sensations
including nausea were commonly experienced before the
syncopal event, although syncope did not invariably follow .
Several patients were reported to have pallor as well as a
staring uncommunicative state for I or 2 min before the
syncopal event or in association with the visceral percep-
tions. None showed automatisms or tonic-clonic activity .
Postictal disorientation was not prominent .
Electroencephalographic support for the diagnosis of
epilepsy was even less clear, with interictal recordings
showing only small sharp spikes except in Patient 2 . It is
controversial whether such small sharp spikes do (7) or do
not (8,9) reflect some measure of epileptogenicity . Perhaps,
in this setting, they reflect a paroxysmal limbic event .
Bradyarrhythmias in partial epilepsy. In contrast to the
absence of findings allowing a definitive diagnosis of epi-
lepsy, bradyarrhythmias resulting from sinus node suppres-
sion, but without abnormalities of cardiac repolarization,
were documented in all five patients .
It is not surprising that bradycardia should accompany
temporal lobe epilepsy . Decreases in heart rate have been
noted during stimulation of the hypothalamic and limbic
regions in humans undergoing neurosurgical procedures
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(10,11), as well as during animal experiments (12-14), and
neural interconnections between the hypothalamus and the
limbic cortex are well described (15) .
However, bradyar-
rhythmias have only rarely been reported in conjunction
with complex partial epilepsy (3,16-21)
. In 1954 Mulder et
al .
(16) noted that "extensive bradycardia," which "at times
was associated with a decrease in blood pressure," occurred
in several of their patients with visceral epilepsy . In 1966,
Ossentjuk et al
. (17) described a 34 year old man with
recurrent "attacks of unconsciousness . . . preceded by a
sensation of contraction in his stomach
." Photic stimulation
carried out during electroencephalographic recording in-
duced diffuse spike wave activity followed by cardiac slow-
ing and asystole of s40 s . Treatment with phenobarbital and
an anticholinergic agent resulted in clinical improvement . In
1983, Katz et al . (18) reported on two young adults with
complex partial epilepsy who experienced their typical sei-
zures during simultaneous recording of the electroencepha-
logram and the ECG . In both, sinus arrest (8 to 10 s) was
noted without bradyarrhythmic symptoms . Blumhardt et al .
(3) described the frequent occurrence of tachycardia during
temporal lobe seizures but reported only one patient with
bradyarrhythmia. They observed that the cerebral origin of
ictal cardiac arrhythmias could easily be missed if not
considered and that antiepileptic drugs may ameliorate the
severity of these arrhythmias .
In 1954, Phizackerly et al . (19) reported on a 71 year old
woman, over a 6 year period, who had frequent syncopal
episodes that were preceded by epigastric discomfort and a
feeling of impending doom . During several witnessed epi-
sodes, she became pulseless . Continuous recording of the
ECG demonstrated sinus arrest with up to 8 s of asystole . An
electroencephalogram demonstrated right anterior temporal
lobe spikes, and epilepsy was diagnosed . Treatment with
tincture of belladonna prevented recurrence of syncope but
did not prevent recurrence of the aura. In 1986 Kiok et al .
(20) described a 23 year old man with episodic sinus arrest of
s9 s duration at the time of clinically observed partial
complex seizures . In 1986 Devinsky et al. (21) reported on
one patient with a 14 year history of syncope, with the
episodes preceded by an aura . Syncope was associated with
ECG-documented sinus bradycardia at a rate of 20 beats/
min. Results of an electroencephalogram were normal, al-
though an aura (a visual hallucination) was said to precede
the syncopal attacks. After insertion of a pacemaker, the
syncope did not recur, but the auras persisted until antiepi-
leptic therapy with primidone was begun .
Patients I and 2 in our series, who also received a
pacemaker were strikingly similar to the latter patient (21).
Patient 1, despite a normally functioning pacemaker, expe-
rienced monthly symptoms of partial seizures for >6 years
and had a recurrent syncopal event in the 74th month .
Patient 2 continued to have recurrent syncope for 2 years
after pacemaker implantation . The continuation of syncope
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in these patients suggested a cerebral seizure or some type of
additional hemodynamic abnormality (or both), such as an
autonomically mediated decrease in peripheral vascular re-
sistance . Pragmatically, these two patients, as well as Pa-
tients 3, 4 and 5, were effectively treated for their syncope,
bradyarrhythmias and partial seizures with phenytoin or
carbamazepine .
Possible mechanisms of bradycardia and syncope . It is
likely that parasympathetic influences mediated the brady-
cardia described in these patients and in those of earlier
reports. This likelihood is suggested by the improvement in
the patient of Phizackerly et al . (19) after treatment with
tincture of belladonna and the improvement in Patient 4 in
our series after treatment with theophylline (6). Syncope in
the latter was mistakenly considered vasovagal in origin .
Although marked bradycardia was noted in all five pa-
tients, it was clearly not the only cause of symptoms . First,
the surface ECG during the "spells" nearly always showed
slowing of heart rate after the sensations of light-headedness
occurred . This decrease in heart rate was best documented
by the ECG recorded by Patient 4 (Fig . 2) after his symptoms
had indicated that he should hold the recorder to his chest .
All of the other patients except Patient 2 also described
prodromal visceral perceptions or were observed to have
impaired alertness preceding the bradycardia. Second, the
onset of bradycardia was usually gradual, over a period of 10
to 20 s. Additionally, symptoms including frank syncope
recurred in two patients with an implanted pacemaker . As
described earlier, an autonomically mediated decrease in
peripheral vascular resistance with resulting hypotension
may have contributed to syncope in these patients . In some,
the occurrence of vasodepression could have accounted for
the occurrence of symptoms before the onset of bradycardia .
Such a sequence of events has been described in patients
with neurally mediated syncope during upright tilt and
administration of intravenous isoproterenol (22) .
Finally, whether true syncope (i.e., temporary loss of
consciousness due to a transient decrease in cerebral perfu-
sion) occurred can be debated, In some cases, a primary
effect of the seizures on areas of the brain critical to the
maintenance of consciousness may have produced apparent
syncope. Three observations support the conclusion that
episodic loss of consciousness was caused by true syncope :
1) the demonstration of arterial hypotension in association
with the bradyarrhythmias (Patient 3) (16) ; 2) the resolution
of syncope, but not of the prodrome, after treatment with
anticholinergic agents (19), theophylline (Patient 4) or pacing
(21) ; and 3) the absence of other signs of generalization of the
seizure, such as tonic-clonic activity .
Possible effects of phenytoin on sinus node function . Phe-
nytoin has direct electrophysiologic effects on the heart . The
effects on the sinus node might play a role in the response of
the three patients who were not treated with a permanent
pacemaker . However, current views of the electrophysio-
JACC Vol . 15, No . 4
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logic effects of phenytoin would predict exacerbation of
bradycardia. Earlier investigators (23) studying the effects of
phenytoin on isolated rabbit right atria demonstrated modest
sinus node slowing at concentrations of phenytoin of
a:10-5M. These results were not altered by pretreatment
with atropine, propranolol or reserpine, indicating that the
effects of phenytoin at ligh concentrations were direct .
These data help to clarify observations in vivo (24) that
suggested anticholinergic effects when the drug was given
intravenously to awake dogs . The accelerated sinus rate was
related to hypotensive effects of the intravenous drug medi-
ating a reflex increase in sinus rate . We would not expect
such direct or indirect effects on sinus node function to occur
in patients taking maintenance oral phenytoin in doses
producing serum concentrations in the therapeutic range .
Clinical implications . There are several important points
common to our five patients. The usual symptoms and signs
of partial seizures were not prominently revealed . None of
the patients experienced secondary generalization of their
episodes . None related a history of childhood epilepsy .
Prolonged postictal obtundation was not present . All re-
sponded unusually well to antiepileptic medication . Electro-
encephalography showed only small sharp spikes in most
and unequivocal spike activity in only one patient . Finally,
whereas the adult onset of a seizure disorder always prompts
concern about a progressive cerebral disorder such as tumor
or vascular disease, no evidence of such was found, although
nuclear magnetic resonance imaging did indicate slight ante-
rior temporal atrophy in Patient 3 and the possibility of
demyelinating or vascular encephalopathy in Patient 3 . No
hypothalamic lesions were seen . Follow-up of these patients
has not indicated progressive cerebral disease .
It is our suspicion that patients with this syndrome will
not be commonly found. Physicians should consider the
possibility of partial seizures when unexplained symptom-
atic bradycardia or bradycardic syncope is present . This
diagnosis should be pursued by careful history taking and by
electroencephalographic monitoring 1) when conditions
(e.g ., pain, fright, hunger) typically associated with vasova-
gal syncope are not present at the time of symptoms, and 2)
in younger patients, in whom sinus node dysfunction is
uncommon .
We thank Lynne Cornish, Linda Bang and Linda Y,hnson for secretarial
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